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(54) Drill spring for use in borehole 
drilling 



(57) A drill spring suitable for use with 
drills in the production of bore-holes 
comprises first and second relatively 
slidable members 1, 2 having a first 
chamber 6 for containing an electro- 
viscous fluid 3 and connected by a relief 
passage 12 to a relief chamber 13. 
Electrodes 7 are disposed adjacent the 
relief passage 12 for producing an elec- 
tric field in fluid passing therethrough in 
response to movement of the first 
member 1 with movement of the drill 
bit away from the surface being cut. 
This results in a substantial resistive 
force tending to prevent flow of the 
fluid 3 through the passage 12 which is 
however discontinued when movement 
of the first member 1 resulting from 
movement of the bit away from the 
surface ceases thereby allowing the 
fluid and first member to return freely. 



The drawing originally filed was 
informal and the print here re- 
produced is taken from a later 
filed formal copy. 
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SPECIFICATION 

Drill spring and use thereof 

5 The present invention relates to drills for drilling 
boreholes and in particular to a drill spring for use 
therein to maintain drilling efficiency. 
When operating a drill either using a down-hole 

motor or. a rotary bit the efficiency of drilling and ~ 

10 hence the rate of drilling progress is a function of the 
pressure bearing on the bit. In order to incorporate 
some degree of control over the pressure on the bit 
in a floating rig a slip joint or compensator may be 
placed in the string below which a known weight of 
15 drilling components may be allowed to bear on the 
drill bit. 

There is evidence however that this is not particu- 
larly efficient as the motion of the drill and the jet 
action of the fluid from the drill nozzles tends to 
20 bounce the drill away from the surface of the 
material to be bored. When the drill bounces away 
from this surface there is no further cutting by the bit 
until gravity returns the drill bit into contact with the 
surface at the base of the bore-hole. 
N 25 It is an object of the invention to provide a device 
which improves drilling efficiency by reacting 
against the tendency of the bit to move away from 
the surface to be cut and thereby increasing the 
contact time for the drill bit and hence the speed of 
30 drilling. 

The present invention provides a drill spring 
suitable for use with a drill bit of the type used for 
drilling a bore-hole, which drill comprises a drill 
string or rod and a drill bit for resisting movement of 

35 the drill bit away from a surface being drilled, said 
drill spring comprising a first member and a second 
member relatively slidable in use of the drill in a 
longitudinal direction parallel to the direction of 
drilling between an extended position when the drill 

40 bit is in contact with the surface being drilled and a 
contracted position with the drill bit away from said 
surface; a first chamber for containing electro- 
viscous fluid, said chamber being disposed between 
said members so that the volume of said first 

45 chamber is reduced during contraction as said 
members are moved from said extended position 
towards said contracted position; a relief passage 
extending from said first chamber to a relief cham- 
ber for the passage and receipt, respectively, of fluid 

50 from said first chamber when the volume of the 
latter is reduced; electrical field generation means 
disposed adjacent said relief passage for producing 
an electrical field in electro-viscous fluid passing 
through said passage in use of the drill; contraction 

55 sensing means arranged for sensing relative move- 
ment between said members from said extended 
position to said contracted position; and control 
means arranged for activating said electric field 
generation means in response to sensing of contrac- 

60 tion by said contraction sensing means and de- 
activating said electric field generation means when 
said contraction ceases, whereby passage of the 
electro-viscous fluid through the relief passage 
during contraction is restrained whilst return of the 

RR ffiiiri thrnnnh thft nARSAn* tn th« first nhamrmr when 



contraction ceases is substantially unimpeded. 

Electro-viscous fluids have the property that when 
subjected to an electric field their ability to withstand 
shear is greatly enhanced. This enhancement is not 
70 velocity gradient dependent as with the shear stress 
developed in Newtonian fluids; it is only a function 
of the applied field strength. 

Conveniently the first and second members are" in 

the form of concentric tubular members having their 
75 adjacent surfaces formed and arranged so as to 
define therebetween an annular first chamber whose 
depth is reduced by the contraction and an annular 
relief passage connecting the first chamber to a relief 
chamber, with field generation means including 
80 opposed electrodes in the first and second members 
on either side of the relief passage. 

Because the spring is substantially passive whilst 
the drill bit is in contact with the surface to be cut it 
does not act on the bit as an additional mass in the 
85 collar weighting string, and therefore does not suffer 
from the inherent disadvantages resulting from 
merely increasing the weight on the bit. 

The drill spring of the invention may be disposed 
in the slip joint, drill pipe, collar or drill bit assembly, 
90 the optimum position being readily determinable by 
mass-spring analysis of the individual components 
of the drill string. 

The drill string comprising the drill pipe, collars, 
bit and the drill spring can be assumed to consist of a 
95 series of masses and springs. The position of the 
drill spring in this series relative to the other 
components may, for example, be between the drill 
pipe and collars, between the collars and the bit, or 
between some of the collars and the remainder of 
100 the collars. The natural frequencies of each of these 
arrangements can be readily determined by solving 
a standard eigen-value problem by methods known 
to persons skilled in the art 
Advantageously the drill spring is disposed irh- 
105 mediately behind the bit. In the case of a convention- 
al roller bit, the drill spring may be incorporated in 
place of a conventional bearing cushioning device 
immediately behind the three cones of the bit 
Normally the extent of relative movement be- 
1 1 0 tween the members is small and a slip joint is also 
used in or above the drill string. There is, however, 
no particular limit to the possible stroke length of the 
drill spring and it would be feasible to lengthen the 
spring so that the slip joint could be dispensed with 
115 entirely. The device can also be used to improve 

drilling times in land rigs where a slip joint would not 
necessarily be used by increasing the bottom hole 
contact time. 
Further preferred details of the invention will 
120 appear from the following description, given by way 
of example, of one embodiment of a drill spring 
illustrated with reference to the accompanying draw- 
ing, which is a partial section of a drill spring. 
The drawing shows a first member in the form of a 
1 25 lower cyl indrical tube 1 disposed concentrically 
around a second member in the form of an upper 
cylindrical tube 2 which is slidable longitudinally 
relative thereto by means of bearings SB provided 
between the tubes 1,2. Where torque is to be 
130 transmitted between the tubes 1 and 2 a snlined 
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connection (not shown) is provided therebetween. 
This is not required if a down-hole motor is being 
used. 

An annular space extending between the tubes 1, 
5 2 is filled with an electro-viscous fluid 3 and provides 
a first annular chamber 6 connected by an annular 
relief passage 12 to an annular relief chamber 13. 

When raising or lowering the tool into the bore- 
hole the portion of the string below the tool is carried 
10 by an arrangement such as inter-engageable flanges 
4 provided on the outer wall surface of the upper 
tube 2 and the inner wall surface of the lower tube 1. 
The bearings SB are sealed 1 1 from both sides 
against entry by the drilling fluid or electro-viscous 
15 fluid. 

Should the drill tend to rise off the surface being 
cut it will exert an upward force on the lower tube 1, 
which as it moves will tend to compress the 
electro-viscous fluid in the chamber 6 forcing said 

20 fluid through the annular passage 12. Electric field 
generation means comprise opposed electrodes 7 
disposed in the upper and lower tubes 2, 1 on either 
side of the annular passage 12 and voltage supply 
means (not shown). When AC-voltage is applied 

25 between the electrodes there will be a back pressure 
generated at the lower end of the annular passage 12 
at the lower end of the electrodes 7 which back 
pressure will also operate on a transverse wall 
surface 8 of the lower tube 1 which provides a lower 

30 end wall surface of the annular chamber 6 extending 
transversely of the direction of drilling. There will be 
a substantial mechanical advantage due to the 
relatively large ratio of the size of the transverse wall 
surface 8 to the transverse cross-sectional surface 

35 area of the annular relief passage 12. This back 
pressure will tend to resist upward movement of the 
drill away from the surface to be cut. 

The AC-voltage may be switched on by control 
means (not shown) responding to contraction sens- 

40 ing means (not shown) arranged for detecting 
upward motion of the lower tube 1 resulting in 
contraction of the upper tube 2 into the lower tube 1. 
When the current is switched off by the control 
means upon discontinuation of the upward move- 

45 ment the fluid will tend to flow back into the annular 
chamber 6 below the electrodes 7. The lower tube 1 
will return under the action of gravity, aided by a 
return spring 9 and or the expansion of a hydraulic 
or gas pressure accumulator 10. Means may also be 

50 provided for the fluid to return via a by-pass passage 
14 controlled by a hydraulic valve 15. 

The drill spring of the invention may also be used 
as a damper to counter the transmission of delete- 
rious vibrations from the drill pipe to the drill or in a 

55 down-hole motor from the motor to the drill string. 
In this case the frequency and voltage across the 
electrodes must be modulated, the control means 
being arranged to respond to movement sensors 
disposed either above or below the electrodes. This 

60 damping should lead to enhanced drill stability 
which would be particularly valuable in directional 
drilling applications. 

The drill spring may be used either as a discrete 
unit in the drill string, or incorporated integrally into 

65 a constituent of the drill string, for example, the 



collar, bit, bumper sub, or compensator. 

It will be appreciated that in the specific embodi- 
ment illustrated there will be a decrease in overlap 
between the electrodes 7 resulting in a reduced 

70 electro-viscous effect with increased relative dis- 
placement of the tubes 1, 2. Normally though the 
length of the electrodes will be made substantially 
greater than the expected displacement so that any 
— — reduced effect will be negligible for practical pur- 

75 poses. Nevertheless if desired other electrode 
arrangements may be used and/or the voltage 
increased with increasing displacement so as to 
compensate for any such effects. 

80 CLAIMS 

1. A drill spring suitable for use with a drill of the 
type used for drilling a bore-hole, which drill com- 
prises a drill string or rod and a drill bit, for resisting 

85 movement of the drill bit away from a surface being 
drilled, said drill spring comprising a first member 
and a second member relatively slidable in use of 
the drill in a longitudinal direction parallel to the 
direction of drilling between an extended position 
90 when the drill bit is in contact with the surface being 
drilled and a contracted position with the drill bit 
away from said surface; a first chamber for contain- 
ing electro-viscous fluid, said chamber being dis- 
posed between said members so that the volume of 
95 said first chamber is reduced during contraction as 
said members are moved from said extended posi- 
tion towards said contracted position; a relief pas- 
sage extending from said first chamber to a relief 
chamber for the passage and receipt, respectively, of 

100 fluid from said first chamber when the volume of the 
latter is reduced; electrical field generation means 
disposed adjacent said relief passage for producing 
an electrical Meld in electro-viscous fluid passing 
through said passage in use of the drill; contraction 

105 sensing means arranged for sensing relative move- 
ment between said members from said extended 
position to said contracted position; and control 
means arranged for activating said electric field 
generation means in response to sensing of contrac- 

110 tion by said contraction sensing means and de- 
activating said electric field generation means when 
said contraction ceases, whereby passage of the 
electro-viscous fluid through the relief passage 
during contraction is restrained whilst return of the 

1 1 5 fluid through the passage to the first chamber when 
contraction ceases is substantially unimpeded. 

2. A drill spring as claimed in Claim 1, wherein 
the first and second members are in the form of 
concentric tubular members having their adjacent 

120 surfaces formed and arranged so as to define 

therebetween an annular first chamber whose depth 
is reduced by the contraction, and an annular relief 
passage connecting the first chamber to a relief 
chamber with field generation means including 

1 25 opposed electrodes in the first and second members 
on either side of the relief passage. 

3. A drill spring according to Claim 1 or Claim 2, 
wherein the electric field generation means include 
means for generating an alternating current voltage. 

130 4. A drill spring according to any one of claims 1 



to 3, wherein a return spring is provided for facilitat- 
ing return of the first and second members to the 
extended position. 

5. A drill spring according to any one of Claims 1 
5 to 4, wherein a fluid pressure accumulator is pro- 
vided in the pressure relief chamber for facilitating 
return of the first and second members to the 
extended position. 

6. ~ A drill spring according to any of Claims 1 to 5, 
10 wherein is provided a by-pass return passage be- 
tween the relief chamber and the first chamber, 
controlled by a valve so as to prevent passage of 

. fluid during contraction whilst permitting return of 
electro-viscous fluid to the first chamber during 

15 return of the first and second members to the 
extended position. 

7. A drill spring as claimed in any one of Claims 1 
to 6, wherein are provided co-operating flanges on 
the first and second members for limiting relative 

20 movement of said members in the direction of the 
extended position so that in use of drill spring in a 
drill string when lowering or raising the fatter in a 
bore-hole the lower one of the first and second 
members is carried by the upper one of said first and 

25 second members. 

8. A drill spring as claimed in any one of Claims 1 
to 7, wherein a splined connection is provided 
between the first and second members for transmit- 
ting rotary motion therebetween. 

30 9. A drill spring suitable for use with a drill of the 
type used for drilling a bore-hole according to Claim 
1 substantially as described hereinbefore with parti- 
cular reference to the accompanying drawing. 
10. A drill of the type used for drilling a bore-hole 

35 which drill comprises a drill spring or rod and a drill 
bit characterised in that the drWI bit includes a drill 
spring according to any one of the preceding claims 
for resisting movement of the drill bit away from a 
surface being drilled. 

40 1 1 . A drill according to Claim 10, wherein the drill 
spring is incorporated immediately above the drill 
bit 

12. A rotary drill bit for use in drilling bore-holes 
and having rotatabie cones, characterised in that a 
45 drill spring according to any one of Claims 1 to 9 is 
mounted behind at least one cone for cushioning 
thereof during drilling. 
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@ Drilling Jar. 

@ This invention relates to a drilling jar. Known drilling 
jars are of only limited efficiency. 

According to the present invention a drilling jar has a 
member (1) for receiving a mechanical Impact and a sec- 
ond member (2) for transmitting a force in response to 
said impact said second member (2) being slidable relative 
to said first member (1) in use of the drill Jar in a longitu- 
dinal direction parallel to the direction of drilling, between 
an extended position and a contracted position, passage 
means (3) for containing electro-viscous fluid extending 
between said first and second members (12) and/or from 
a relief chamber (5) whose capacity is reduced when said 
members move towards said contracted position, electrical 
field generation means (12) disposed adjacent said pas- 
sage means for producing an alternating current electrical 
field In electro-viscous fluid in said passage means (3) in 
use of the drill jar; sensing means arranged for directly or 
indirectly sensing at least one of impact on said first mem- 
ber (1) and relative movement between said members 
(12) from said extended position towards said contracted 
position; and control means arranged for activating said 
electric field generation means (12, 13) in response to 
said sensing by said sensing means so that passage of 
electro-viscous fluid through the passage means (3) dur- 
ing contraction is periodically restrained whereby an im- 



pact on said first member (1) is transmitted by said second 
member (2) at least partially in the form of a vibratory 
force. 
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This invention relates to drilling jars such as 
those vised to apply a shock to free a drill, drill-pipe or 

to<^tfet_h^_become-stuc^^ 

A limitation of existing jars is that they only 
5 apply a simple mechanical impact to free the stuck drill or 
other part, when in practice a combination of vibration at 
a suitable natural frequency and impact could free the 
stuck components more effectively and/or efficiently. An 
additional advantage that could be obtained by the use of 
10 vibration in freeing stuck components is that by reducing 
the total shock, the possibility of damage to the parts 
being retreived can be reduced. 

The application of vibration by conventional 
methods to drilling jars would however be relatively im- 
15 practicable in view of the complex mechanical and/or 

hydraulic arrangements necessary due to the generally harsh 
conditions under which jars are usually operated. 

It is an object of the present invention to pro- 
vide a drilling jar in which a vibrating force is applied 
20 in a simple and convenient manner. 

Conventional drilling jars generally consist of 
a series of concentric cylinders separated by a hydraulic 
fluid with at least two of the cylinders moving relative to 
each other in operation of the jar with a passage means 
25 containing hydraulic fluid extending therebetween, option- 
ally so that fluid is displaced from a chamber whose 
capacity is reduced following impact and passes through a 
passage means extending between said two cylinders or 
between two other parts which may or may not be relatively 
movable . 
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According to the present invention a drilling jar 
is characterized in that the jar has a first member for 
receiving a mechanical impact and a second member for 
transmitting a force in response to said impact, said 
second member being slidable relative to said first member 
_in use of the drill jar in a loiiptudxnal direction para- 
llel to the direction of drilling, between an extended 
position and a contracted position, passage means for con- 
taining electro-viscous fluid extending between said first 
and second member's and/or from a relief chamber whose 
capacity is reduced when said members move towards said 
contracted position, electrical field generation means 
disposed adjacent said passage means for producing an 
alternating current electrical field in electro-viscous fluid 
passing throu^i said passage means in use of the drill jar; 
sensing means arranged for directly or indirectly sensing 
at least one of impact on said first member and relative 
movement between said members from said extended position 
towards said contracted position; and control means arranged 
for activating said electric field generation means in re- 
sponse to said sensing by said sensing means so that passage 
of the electro— viscous fluid through the passage means 
during contraction is periodically restrained whereby an 
impact on said first member is transmitted by said second 
member at least partially in the form of a vibratory force. 

It will be appreciated by those skilled in the art 
that conventional drilling jars may be simply and readily 
modified into accordance with the present invention by the 
provision of suitable electrical field generation means at 
a suitable passage and providing electro-viscous fluid 
therein, as well as appropriate sensing and control means. 

Conventional drilling jars are in practice 
generally made up of several parts some of which are 
relatively movable whilst others are not. The passage 
means for containing the electro-viscous fluid may be 
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disposed between various combinations of these and can 
have varying dimensions, even being little or no greater 
than the clearance required to provide a sliding fit (fur 
ther discussion of the significance of the passage dimen- 
5 sions follows below). Thus for example the passage means 
concerned could extend between the _mandrel_ and the mandrel 
body," the" knocker and either the middle body or the mandrel, 
the piston and middle body, the piston and the mandrel, or 
the mandrel and the middle body. Alternatively though a 
10 drilling jar of the invention could comprise a conventional 
drilling jar with the additional features provided accor- 
ding to this invention embodied in a separate unit connec- 
ted at either end of said conventional drilling jar. 

It will be apparent from- the above that with a 
15 drill jar according to the present invention it is not 

necessary to provide complex mechanical or hydraulic means 
for generating a separate vibratory force. Instead the 
force of the applied impact is itself at least partially 
converted into a vibratory force with the consumption of 
20 ^ little as a few milliamps of an AC electric current wMch 
can be readily, supplied from a suitable power supply which 
can be provided in situ e.g. in the form of a battery and 
suitable inverter or can be a remotely connected AC supply, 

The apparatus also has the advantages that 
25 variable frequencies higier than those available by conven- 
tional mechanical or hydraulic means are achievable using 
well established electronic techniques, so the drilling jar 
may be readily "tuned" to operate at frequencies which are 
structurally significant in relation to the size, mass etc. 
30 of the drill and/or other associated components. 

Further preferred features and advantages of the - 
invention will appear from the following description given 
by way of example of some preferred embodiments of the 
invention illustrated with reference to the accompanying 
35 drawings in which: 
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Figure 1 is a partial generally schematic longi- 
tudinal section showing one side of a first annular drilling 
jar of the invention; 

Figure 2 is a corresponding view of a second 
5 drilling jar; 

Figure 3 is_a_ coiresp onding -vi ew- of - a third 
drilling jar; and 

Figure 4 is a corresponding view of a conventional 
drilling jar, 

10 In the drawings like parts are indicated by the 

same reference numbers. Figure 1 shows part of a first 
drilling jar having a generally cylindrical first member 1 
for receiving a mechanical impact (hereinafter referred to 
as a transfer hammer) and a generally cylindrical second 

15 member 2 for transmitting a force in response to said impact 
and which also serves as a housing. The transfer hammer 1 
is axially slidable within the housing 2, an annular passage 
3 extending longitudinally therebetween from .a first, annu- 
lar, chamber 4 to a relief chamber 5* The upper end of the 

20' housing 2 is provided with an annular cap 6 which is pro- 
vided with a seal 7 at its inward edge between said cap and 
the transfer hammer 1 for sealingLy closing the upper end 
of the annular chamber 4- Towards the lower end of the 
transfer hammer 1 there is provided a blind annular bore 8 

25 which receives one end of a return compression spring 9 
which extends through the~~*relief chamber 5 into abutment 
with a stop surface 10 provided on the housing 2 for urging 
the transfer hammer 1 into engagement, with a stop means 18 
provided on the cap housing 6, in an extended position of 

30 the first and second members 1, 2. 

A return passage 11 extends from the blind bore 8- 
to the annular chamber 4 connecting the latter to the 
relief chamber 5- 

Armular electrodes 12 are provided on the transfer 
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hammer 1 and housing 2 on either side of the passage 3 and 
are connected to an alternating current electricity supply 
means 13 to provide therewith electric field generation 
means. If desired one or other electrode could be dispen- 
sed with, the transfer hammer or housing itself serving as 
an electrode. 

The lower end of the housing 2 is connected 14 to 
the upper end of a stuck drill string 15 whose drilling 
direction is indicated by arrow 16. 

In operation of the drilling jar an impact is 
applied to the upper end 17 of the transfer hammer 1 in 
the drilling direction. The transfer hammer 1 moves axially 
within the housing 2 out of engagement with the housing cap 
stop means 18 against the biasing force of the return spring 
9 until the lower end of the transfer hammer 1 engages the 
stop surface 10 (or until the impact force has all been 
converted into vibratory forces). This results in expansion 
of the annular chamber 4 which is partly filled with electro- 
viscous fluid 19 $ with displacement of said fluid through 
the annular passage 3 between the electrodes 10 there-into 
from the correspondingly contracting relief chamber 5« As 
this occurs sensing means (not shown) provided to directly 
or indirectly sense .the impact on the transfer hammer 1 or 
the passage of the fluid 19 through the annular passage 3 
activate control means (not shown) which in turn activate 
the electricity supply 13 so that an alternating electric 
field extending through the annular passage 3 is generated. 
This results in an alternating variation in the viscosity 
of the electro-viscous fluid 19 and a corresponding alter- 
nating variation in the electro-viscous shear stress induced 
in the annular passage 3* Since the fluid 19 is able to 
flow through the annular passage 3 f no appreciable fluid 
pressure is generated by the movement of the transfer hammer 
1 . After each impact the energisation of the electricity 
supply 19 is discontinued to permit the- transfer hammer 1 
to return to the position shown in the drawing in contact 
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with stop means 18 under the influence of the spring 9 i.e. 
the extended position of the members 1, 2. 

In order to allow for the change in internal 
volume of the annular chamber 4 when the upper end 17 of 
the transfer hammer 1 slides into the housing 2, the fluid 
does not completely fill the chamber 4, there being a space 
4a, preferably filled with gas, above the level of the fluid 
in the chamber 4. Hhe position of the level in the extended 
position of the members 1, 2 is chosen so that the increase 
in internal volume produced in the chamber 4 during expan- 
sion is accommodated by space 4a without excessive pressure 
rise in space 4a. 

A second form of the invention, shown in Figure 2, 
which provides for more effective transmission of relatively 
hi^i forces than the jar of Figure 1, uses a modified trans- 
fer hammer 1a which does not possess a return passage 11 as 
provided in the transfer hammer 1 in the jar of Figure 1 . 
The other features of the jar of Figure 2 are, however, 
similar to those shown in Figure 1 and identified by the 
same reference numerals. Since there is no return passage 
throu^i the transfer hammer 1a all the fluid must pass 
throu^i the annular passage 3, which now constitutes an 
electro-viscous valve, when the transfer hammer 1a moves 
towards the stop surface 10. 

When fluid passage commences, the electro- 
viscous shear stress created by the applied AC voltage, 
and acting over the area of the electrode 12 is balanced 
against the pressure acting over the frontal peripheral 
area of the electrode flow path. For. exan^le, if D is the 
electrode diameter, jb is the gap width, L is the axial 
length of the electrodes, S E is the electro viscous shear 
stress created over each shear face (i.e. each coaxial 
surface) and the developed pressure at the lower end of 
the transfer hammer is P, then P x Verr = 2^ x tr DL, giving 
P == 2SgL/e. 
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Whilst the value of P is dependent on the force 
balance conditions over the annular passage 3 f the pressure 
P is exerted over the whole area of the transfer hammer 1a f 
producing a relatively large effective force geiin. As in 
5 the embodiment shown in Figure 1 , the desired mechanical 

vibration- is generated ~ by imergising the electrode 12 with 

an AC voltage at the chosen frequency, which can be readily 
altered to suit changed conditions during attempts to free 
the stuck pipe. The value of Sg is a function of the 
10 applied voltage to the electrodes 12, and hence by varying 
the voltage as well as its frequency, it is possible to 
control the developed pressure and thus also the remaining 
energy left for direct impact on stop 14, or to prevent 
such impact altogether. 

15 With this second form the transfer hammer 1a does 

not necessarily hit the stop 10 before forces are applied to 
the stuck components* Indeed all the external hammer energy 
may be used up in the direct impact or a mixture of impact 
and transfer hammer movement without an impact on stop 10 

20 occurring at all, 

A resilient toroidal enclosure member20 is located 
within a correspondingly shaped extension 21 formed at the 
inner end of the blind bore 8 in the transfer hammer 1a. 
The enclosure member is filled with gas, and is held within 

25 the bore by a perforated retainer 22. In this embodiment, 
the whole of the annular chamber 4 is filled with electro- 
viscous fluid, there being no gas-filled space left above the 
fluid level therein. This is made possible by virtue of the 
fact that the decrease in the total internal volume of the 

30 chambers 4, 8 and the annular passage 3 during movement of 
the members 1,2 into their contracted position is compen- * 
sated by the partial collapsing of the enclosure member 20 
as a result of the increased fluid pressure obtaining. 

When the members 1 , 2 are freely permitted to 
35 return to their extended position after each hammer blow, 
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by de-energising of the electrode 10, the partially 
collapsed enclosure member 20 assists the spring 8 in 
providing the return force required to move the transfer 
hammer 1a due to the difference between the resultant 
gradual decrease in the pressure of the fluid in the relief 
chamber 8^nd^^e^gaseous_pressure-inside ~ the^enca^sure" 
member 20. It is even possible to replace the spring 9 
entirely by providing an enclosure member 20 containing 
gas at an appropriate elevated pressure when the members 1, 
2 are in their extended position so that the enclosure 
member is capable of providing by itself a return force of 
the required magnitude after each blow. 

Figure 3 shows a third drilling jar of the 
invention, which, like that shown in Figure 1, includes 
a gas-filled space above the fluid level in the am^i a r 
chamber 4 to allow for the changes in total internal volume 
of the chamber and passage(s) described above, and in which 
the annular passage 3 constitutes an electro-viscous valve 
as in the embodiment of Figure 2. In other respects the 
drilling jar of Figure 3 is again generally similar to that 
of Figure 1. 

Eef erring to Figure 3, a modified transfer hammer 
1b includes an inner chamber in proximity to the closed end 
of the blind bore 8 which inner chamber is preferably filled 
with liquid. A conduit 25 extends from the lower end of the 
transfer hammer 1b inwardly of the blind bore 8 and gene- 
rally parallel thereto to the. inner chamber 21. A generally 
cylindrical projection 26 extends upwardly from the stop 
surface 10 or the lower end of the housing 2 into the con- 
duit 25, being slidably received therein and separating the 
liquid in the inner chamber 24 for the electro-viscous fluid. 

In operation of the drilling jar the projection 
26 passes further into the conduit 27 and possibly into the 
inner chamber 24 compressing the liquid therein. Thus the 
projection 26 and the liquids-filled inner chamber 24 toge- 
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ther form a liquid spring which can exert a return force 
on the transfer hammer 1b vriien the members 1b, 2 are in 
their contracted position after an impact, since as the 
transfer hammer 1b is moved downwards, the projection 24 
5 compresses the liquid in the inner chamber 24 depending 

upon the^ bulk modulus of -said liquid in accordance with 

the following relationship :- 

where £p is the pressure developed in the inner . 
chamber 24, V is the volume of the inner chamber 24, and 

10 fv is the cross-sectional area of the projection 24 multi- 
plied by the distance through which the transfer hammer 
moves towards and into the inn er chamber 24. As a result 
there are therefore four forces acting on the transfer 
hammer 1b at this time, namely the force due to an impact 

15 in the drilling direction as indicated by the arrow 16, 
electro viscous pressure force acting upwardly over the 
whole area of the lower end face of the transfer hammer 
1b in contact with the electro-viscous fluid 19, the force 
produced by compression of the spring 9 and the liquid 

20 pressure force developed by the pressure differential £p 

applied over an area corresponding to the area of the free . 
end of the projection 26. When a voltage is applied the 
predominant force becomes the electro— viscous pressure 
force. Both the coiled spring 9 and the liquid spring are 

25 intended to return the transfer members 1b, 2 to their 

extended position when transmission of an impact has been 
completed, application of the AC voltage being discontinued 
during the return phase. 

Figure 4 shows a conventional drilling jar which 
30 comprises a first upper assembly 30 made up of a mandrel 31, 
a mandrel ring 32 and a wash pipe 33; a second lower 
assembly 34 telescopically engaged around the lower end 
of the upper assembly 30; and a third assembly 35 disposed 
between the upper and lower assemblies 30, 34. 

35 The second lower assembly 34 is made up of a 
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mandrel body 36, a middle body 37 and a wash pipe body 38 
the lower end 39 of vtfiich is screw-threadedly connected to 
the drill string (not shown). The lower assembly 34 is 
connected to the upper assembly 30 by splined bearing 
connection means (not shown) for permitting relative axial 
movement _ between said assemblies i 

The third assembly 35 is a fluid-pressure 
assembly which typically comprises a piston 40 and a 
knocker 41 retained by a tripping device 42. In use of 
the jar a gradual upward pull is applied to the upper 
assembly 30 in the arrow direction x thus raising the 
pressure in the fluid in front of the piston 40 until the 
tripping device 42 is actuated allowing the knocker 41 to 
strike the lower assembly 34, jarring it and the drill 
string attached to it. , 

Such a drilling jar can readily be modified into 
conformity with the present invention in any of a number of 
ways as has already been outlined above, so that the impact 
applied to the lower assembly 34 is partially or wholly 
converted into vibratory forces. 

As has been mentioned above the frequency of the 
alternating current employed may be readily tuned to a 
natural frequency of the drill string and drilling jar. In 
general this would usually be of the order of from 50 to 
500 Hz (cycles per second). 

It will be appreciated that various modifications 
can be made to the above described embodiments without de- 
parting from the scope of the invention as defined in the 
following claims. Thus, for example, the dialling jar need 
not be hollow with a central passage running there through in 
which case the chambers and passages may conveniently be 
other than annular. 
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CLAIMS 



1. A drilling jar characterized in that the jar has a 
first member (1) for receiving a mechanical impact and a 
second member (2) for transmitting a force in response to 
said impact, _said_ second member (2) being slidable relative 

5 to said first member (1) in use of the drill jar in a longi- 
tudinal direction parallel to the direction of drilling (16), 
between an extended position and a contracted position, 
passage means (3) for containing electro-viscous fluid 
extending between said first and second members (1, 2) and/ 

10 or from a relief chamber (5) whose capacity is reduced when 
said members move towards said contracted position, . 
electrical field generation means (12, 13) disposed adjacent 
said passage means (3) for producing an alternating current 
electrical field in electro-viscous fluid (19) in said 

15 passage means (3) in use of the drill jar; sensing means 
arranged for directly or indirectly sensing at least one 
of impact on said first member ( 1 ) and relative movement 
between said first and second members (1, 2) from said 
extended position towards said contracted, position; and 

20 control means arranged for activating said electric field 

generation means in response to said sensing by said sensing 
means so that passage of electro-viscous fluid (19) through 
the passage means (3) during contraction is periodically 
restrained whereby an impact on said first member is 

25 transmitted by said second member (2) at least partially 
in the form of a vibratory force. 

2. A drilling jar according to claim 1 characterized in 
that there is provided a first chamber (4) for containing 
electro-viscous fluid (19)* the relief chamber is disposed 

30 between said members (1, 2) so that the volume of said 
relief chamber (5) is reduced during contraction as said 
members (1, 2) are moved from said extended position 
towards said contracted position; and the passage (3) 
means is a relief passage extending from said relief 
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chamber (5) to said first chamber (4) for the passage and 
receipt, respectively, of fluid (19) from said relief 
chamber (5) when the volume of the latter is reduced. 

3» A drilling jar as claimed in claim 2, wherein the 
first and second membei^(^^^ — 
trie tubular members having their adjacent surfaces formed 
and arranged so as to define therebetween an annular relief 
chamber (5) whose depth is reduced by the contraction, and 
an annular relief passage (3) connecting the relief chamber 
C5)to an annular first chamber (4) with field generation 
means (12, 13) including opposed electrodes (12) in the 
first and second members (1, 2) on either side of the relief 
passage (3). 

4. A dri llin g jar according to any one of claims 1 to 3, 
wherein the electric field generation means (12, 13) includes 
means for generating an alternating current voltage. 

5- A dri llin g jar according to any one of claims 1 to 4, 
vdierein a return spring (9) is provided for facilitating 
return of the first and second members (1j 2) to the 
extended position. 

6." A drilling jar according to claim 2 or any one of 
claims 3 to 5, when dependent on claim 2, wherein a fluid 
pressure accumulator (20) is provided in the relief chamber 
(5) for facilitating return of the first aid second members 
(1, 2) to. the extended position. 

7- A dri llin g jar according to claim 2 or any one of 
claims 3 to 6, when dependent on claim 2, wherein is 
provided a bypass return passage (11) between the relief 
chamber (5) and the first chamber (4), controlled by a 
valve so as to prevent passage of fluid (19) during con- 
traction whilst permitting return of electro-viscous fluid 
(19) to the relief chamber (5) during return of the first 
and second members (1,-2) to the extended position. 
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8. A drilling jar as claimed in any one of claims 1 to 7* 
wherein are provided co-operating flanges on the first and 
second members for limiting relative movement of said 
members in the direction of the extended position so that in 
use of drill jar in a drill string when lowering or raising 

_the latter -in a bore^hole 13ie lower" o first and 

second members (1, 2) is carried by the upper one of said 
first and second members (1, 2). 

9. A drilling jar as claimed in any one of claims 1 to 8, 
wherein a splined connection is provided between the first 
and second members for transmitting rotary motion there- 
between. 

10. A drilling jar as claimed in any one of claims 1 to 9* 
wherein the alternating current has a frequency of from 50 
to 500 cycles per second. 
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